Figures DR1-DR9
consistent thermodynamic dataset (Holland and Powell, 1998) (NCKFMASHTO) chemical system considering the activity-composition models of phases that are listed and referenced in Table DR5 . Effective bulk compositions input to THERMOCALC (Table DR6) are based on a H 2 O-absent and all-Fe-as-Fe 3+ whole-rock XRF analysis of sample KP11-588 (Table DR1) and M O values were chosen that resulted in the rock's observed (slightly) post-peak mineral assemblage (Grt + Crd + Sill + Sp + Qtz + Pl + Ilm + Liq) in the vicinity of Sa-bearing fields being predicted as stable by the respective pseudosection. Once determined, these mol% H 2 O and O values were used to calculate the effective bulk composition (Table DR6) input for the calculation of the P-T pseudosection (Fig. 2a) . Absolute uncertainties on the location of THERMOCALC-calculated reaction lines are typically quoted at ± 1 kbar and ± 50°C.
U-Pb ZIRCON GEOCHRONOLOGY
Zircon crystals were separated from 63-250 μm diameter crushed rock fractions using standard heavy-liquid, magnetic, and hand-picking separation techniques. The zircons were then mounted in epoxy resin, ground to half-thickness, and coated with gold. Analyses were performed by sensitive high-resolution ion microprobes SHRIMP-II and SHRIMP-RG (reverse geometry) over several analytical sessions at the Research School of Earth Sciences at The Australian National University. Temora-II zircon standards were used for calibration, and the data were reduced using the SQUID-2 Excel macro (Ludwig, 2009 ) and plotted using http://rses.anu.edu.au/tectonics/programs/) using methods outlined by Forster and Lister (2004) . Plots of log 10 (D 0 /r 2 ) against T -1 (Arrhenius plot; Fig. DR6 ) and log 10 (r/r 0 ) against % 39 Ar release (Fig. DR7) , where D 0 = frequency factor of diffusion, r 0 = radius of the reference domain, and r = radius of domain under consideration (see Forster and Lister, 2004) , demonstrate that two distinct reservoirs for argon retention existed within the mineral grains, calculated to have a closure temperatures (T C ) of 289°C and 228°C, respectively. As shown by the apparent age spectrum (Fig. DR8) , the grain domains with T C = 289°C were degassed by heating steps 10 to 12 (accounting for 37% of total 39 Ar release) relating to a Green et al. (2007) (Green et al., 2007 ) Cordierite Holland & Powell (1998 (Holland and Powell, 1998 ) *Epidote Holland & Powell (1998) (Holland and Powell, 1998 Fig. DR3 ) and the P-T pseudosection (Fig. 3A) . e target eld is outlined in blue (and neighbouring sa-present eld is dotted). Minerals are abbreviated as follows: bt-biotite; crd-cordierite; grt-garnet; ilm-ilmenite; ksp-K-feldspar; liq-liquid; mt-magnetite; osm-osumilite; pl-plagioclase; qtz-quartz; sa-sapphirine; sill-sillimanite; sp-spinel. (Fig. DR2 ) and the P-T pseudosection (Fig. 3A) .
e target eld is outlined in red (and neighbouring sa-present eld is dotted). Minerals are abbreviated as follows: bt-biotite; crd-cordierite; grt-garnet; ilm-ilmenite; ksp-K-feldspar; liq-liquid; mt-magnetite; pl-plagioclase; qtz-quartz; sa-sapphirine; sill-sillimanite; sp-spinel. Blue dots relate to heating steps 1 and 2 and red dots are from heating steps 9 to 12 (compare with apparent age plot in Supplementary Fig. DR8 ). Closure temperatures (T c ) of 289°C and 228°C, respectively, can be related to these steps which are interpreted to have degassed argon from two separate reservoirs within the biotite. D 0 = frequency factor of di usion and r = radius of domain under consideration (Forster and Lister, 2004) . Calculations performed by eArgon. Blue dots relate to heating steps 1 and 2 and red dots are from heating steps 9 to 12 (compare with apparent age plot in Supplementary Fig. DR8 ). Two distinct reservoirs with di erent radii are shown by the plot, which correspond to the di erent closure temperatures inferred from the Arrhenius plot ( Supplementary Fig. DR6 ). r = radius of domain under consideration and r 0 = radius of the reference domain (Forster and Lister, 2004) . Calculations were performed by eArgon. Heating steps 1 and 2 are shaded blue and heating steps 9 to 12 are shaded red, which relate to the plots shown in Supplementary Figures DR6, DR7 , and DR9. e upper limit 16.34 ± 0.04 Ma age is interpreted to relate to cooling through 289°C and the lower limit 14.83 ± 0.29 Ma age is interpreted to relate to cooling through 228°C (see Arrhenius plot in Supplementary Figure DR6 ). Calculations were performed by eArgon. Atmospheric argon composition is shown by the red cross. Red and blue spots, which relate to heating steps from which ages have been interpreted, plot away from this point and are therefore shown to have not been contaminated with atmospheric argon (colours correspond to Supplementary Figures DR6, DR7 , and DR8).
